Background: Impaired vascular development due to intrauterine growth retardation and postnatal-induced vascular damage by an unfavorable cardiovascular risk profile may both cause stiffer arteries in later decades. Methods: Of 524 young adults, participating in the Atherosclerosis Risk in Young Adults (ARYA) study, data on birth characteristics were obtained from the original medical records of the Municipal Health Service and the extent of aortic stiffness was assessed using carotid-femoral pulse wave velocity (PWV).
B
arker's hypothesis, 1 suggesting that an adverse environment in periods of rapid fetal growth induces permanent changes in the structure of fetal organs, leading to increased cardiovascular risk in low birth weight infants, is subject of current debate. A limitation of this concept is that it tends to neglect the impact of premature birth and of genetic and postnatal influences. Immature or insufficiently differentiated organs at birth, of which the lung is the best known example (surfactant deficiency), are common in prematurely born infants. Analogously, the synthesis of elastin relative to collagen may be decreased in the large arteries of these fetuses, leading to a stiffer arterial system and an increased risk of cardiovascular disease in later life. 2 Moreover, prematurely born infants are known to be at risk to develop increased blood pressure (BP) in adult life, 3 which may contribute to an increased arterial stiffness.
Pulse wave velocity (PWV) provides a noninvasive and validated method to quantify arterial stiffness. It is based on the principle that the pressure pulse generated by ventricular ejection is propagated along the arterial tree at a speed determined by the geometric and elastic properties of the arterial wall. Because PWV is related to distending pressure, it should be adjusted for mean arterial pressure (MAP), otherwise biased estimates of the relation with risk factors may occur due to residual confounding.
We explored whether low birth weight and premature birth are independently involved in the process of arterial stiffening and whether these relations are independent of BP, gender, and age in healthy young adults.
Methods

Study Population
The Utrecht-cohort of the Atherosclerosis Risk in Young Adults (ARYA) study includes 750 young adults born between 1970 and 1973, who attended secondary school in the city of Utrecht in The Netherlands and of whom the original medical records from the Municipal Health Care were available. From October 1999 to December 2000, the participants visited our clinic twice within a 3-week period. The ARYA study was approved by the Medical Ethical Committee of the University Medical Center Utrecht and all participants gave written informed consent. The present report is restricted to the 524 participants in whom measurement of aortic stiffness was performed.
Information on birth weight, birth length, and gestational age was obtained from the original medical records of the Municipal Health Service.
Assessment of the Adult Cardiovascular Risk Profile and Aortic Stiffness
At each visit, peripheral BP was measured twice, in the left brachial artery with a semiautomated device (Dinamap, Critikon Inc., Tampa, FL). Data on systolic and diastolic BP are the average of the four measurements. During the first visit, anthropometric measurements were performed with indoor clothes without shoes and a written standardized questionnaire was completed on cardiovascular risk factors, such as smoking pattern, alcohol intake, physical activity, and family history for cardiovascular disease, diabetes mellitus, and hypertension. During the second visit, a fasting venous blood sample was drawn.
The PWV was measured noninvasively in the carotidfemoral segment using the SphygmoCor device (PWV Medical, Sydney, Australia). Two distances were measured in a straight line using a compass to reduce the influence of body contours: (a) from the sternal notch to the proximal sampling site on the carotid artery and (b) from the sternal notch to the distal sampling site on the femoral artery. The carotid to femoral path length was estimated by subtracting distance (a) from distance (b). The PWV was determined by sequential acquisition of pressure waveforms from the carotid and the femoral arteries by applanation tonometry (Millar SPT 301 pressure transducer, Millar Instruments, Sydney, Australia). The timing of these waveforms was compared with that of the R-wave on the simultaneously recorded electrocardiogram. The PWV was determined by calculation of the difference in the carotid-to-femoral path length divided by the difference in R-wave-to-waveform foot times. The average of 10 successive measurements was used in the analyses to cover a complete respiratory cycle. The whole procedure was repeated three times per subject and the average PWV value was used for the analysis.
Data Analysis
The relations between PWV and birth characteristics were investigated using linear regression models. Due to equipment failure, usable PWV data were only available in 524 participants (46% men). Of those, only 422 had complete data on both birth weight and gestational age. We compared the baseline characteristics across the groups with and without missing data. No major differences were found. Also, it is not likely that "missingness" is related to either PWV, gestational age, or birth weight. Therefore, we assume that missingness is a random phenomenon and does not bias our findings.
Results
Mean (SD) birth weight, birth length, and gestational age were 3438 g (554 g), 50.7 cm (2.6 cm), and 39.8 weeks (2.0 weeks), respectively; 26 subjects were born prematurely (Ͻ37 weeks). As expected, prematurely born infants had significantly lower gestational age and birth weight and were significantly shorter at birth than term infants (Table 1) . At young adulthood, mean (SD) age, brachial MAP, and PWV were 28.2 years (0.9 years), 89 mm Hg (9 mm Hg), and 6.0 m/sec (1.5 m/sec), respectively. The PWV showed an inverse trend with gestational age (linear regression coefficient (␤) ϭ Ϫ0.07 m/sec per 1 week; P ϭ .064), whereas it was positively related to birth weight (␤ ϭ 0.33 m/sec per 1 kg; P ϭ .020). Both associations were independent of BP, gender, age, and each other. No association was observed with either birth length or ponderal index (data not shown). After exclusion of the 26 premature infants, the association with gestational age was attenuated (␤ ϭ Ϫ0.03 m/sec per 1 week; P ϭ .582), whereas the relation with birth weight hardly changed (␤ ϭ 0.30 m/sec per 1 kg; P ϭ .041). In an additional analysis we compared the mean PWV of fullterm subjects with those of preterm subject, with full adjustments for age, gender, MAP, and birth weight. Appreciating the small sample of premature subjects and its effect on the precision of the estimate, the results showed that PWV of preterm subjects was 0.18 m/sec higher (P ϭ .31).
Because subjects with diabetic mothers (n ϭ 26) tended to be heavier at birth (3615g and 3426g, respectively), tended to show higher levels of risk factors, which are associated with the metabolic syndrome, and tended to have significantly higher levels of PWV at young adulthood (6.2 m/sec and 5.9 m/sec, respectively), we wanted to evaluate the impact of maternal diabetes on the positive relation between birth weight and PWV. In an analysis in which we excluded the 26 subjects with diabetic mothers, the birth weight-PWV relation was attenuated (␤ ϭ 0.21 m/sec per 1 kg; P ϭ .169).
Discussion
Our findings support the hypothesis that intrauterine underdevelopment, as a consequence of premature birth, is associated with increased arterial stiffness. Because intrauterine growth retardation often leads to dysmaturity as well, we expected to observe a similar direction in the relation between birth weight and aortic stiffness. However, in contrast, we observed a positive relationship between birth weight and PWV. Previous reports showed that diabetes mellitus contributes to the stiffening process of arteries. 4 In addition, because diabetes is known to run in families, genetic predisposition is suggested. 5 Because in our study the positive association between birth weight and aortic PWV attenuated after exclusion of participants with maternal diabetes, we hypothesize that impaired glucose metabolism might possibly play a role in this context.
Only four reports, discussing the relationship between arterial stiffness and birth characteristics, were found in Pubmed for comparison of our findings. 6 -9 Differences with respect to age, the method used to assess arterial stiffness, the arterial segment measured, and whether or not BP was taken into account in the analysis, make these reports incomparable (Table 2) . Moreover, none of these studies discussed the relation between gestational age and arterial stiffness. This is remarkable, as most of the studies that use birth weight as a determinant usually also have information about gestational age.
In conclusion, our results show that premature birth as well as a higher birth weight were related to increased aortic PWV, independent of BP. Further studies are needed to elucidate whether two separate mechanisms are involved in the development of arterial stiffness in healthy young adults.
